Purpose: The incidence of colorectal cancer (CRC) varies by age, sex, and anatomical subsite. Few studies have examined the temporal trends of age-specific sex disparity in incidence and survival by age at diagnosis and anatomical site. Patients and Methods: The study was performed on all incident cases of CRC, using data derived from the nationwide Swedish Cancer Register between 1960 and 2014, including right-sided colon cancer (RCC), left-sided colon cancer (LCC), and rectal cancer. Male-tofemale age-standardized incidence rate ratio (IRR) and male-to-female five-year survival rate ratio (SRR) were calculated as the main indicators. Furthermore, we performed joinpoint regression analyses to estimate average annual percentage change. Results: The overall male-to-female IRR was 1.05 for RCC, 1.31 for LCC, and 1.66 for rectal cancer. Male-to-female IRR increased steadily for RCC by an average of 0.4% per year until the mid-1990s and then decreased gradually by an average of 1.0% per year. LCC patients showed an increase of 0.6% per year since the mid-1970s. For rectal cancer, a non-significant random fluctuation was noted during the study period. The temporal trends of male-to-female IRR varied by age at diagnosis. The male-to-female SRR was 0.87 for RCC, 0.88 for LCC, and 0.86 for rectal cancer, which remained relatively stable during the study period. Conclusion: Sex disparity of CRC is age-, period-, and anatomical subsite-dependent. Further studies are needed to investigate the underlying contributing factors.
Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed malignancy with more than 1.8 million new cases and the second leading cause of cancer death with more than 800,000 deaths worldwide in 2018.
1 CRC shows sex differences in incidence and survival. Women are less likely to develop CRC than men, 2 and women with CRC have a longer survival time than men. [3] [4] [5] CRC can be divided into three subsites according to the anatomical areas, including proximal or rightsided colon cancer (RCC), distal or left-sided colon cancer (LCC), and rectal cancer. RCC consists of cancers of the caecum, ascending and transverse colon, and splenic flexure, whereas LCC consists of cancers of the descending and sigmoid colon. A growing amount of data suggest that carcinomas of the right and left colon should be considered as different tumor entities. Meanwhile, sex disparity of CRC varied by anatomical subsite with females being more prone to develop RCC and males being more likely to develop LCC and rectal cancer. 2, 6 Although the underlying mechanisms for sex disparity of CRC are still unclear, some previous studies have suggested that the differences between males and females in environmental exposures, molecular pathways, and genetic and epigenetic alterations might contribute to the observed difference. [7] [8] [9] [10] As molecular pathways and genetic and epigenetic alterations are not associated with temporal changes, studies on the temporal trends of sex disparity in CRC and its subsites might provide additional evidence about environmental factors on the development of CRC, which is still largely unknown.
To better understand the sex-specific incidence and survival of CRC during recent decades, our study utilized data derived from the nationwide Swedish Cancer Register to describe the overall and age-specific temporal trends of maleto-female age-standardized incidence rate ratios (IRR) and male-to-female age-standardized five-year survival rate ratios (SRR) of RCC, LCC, and rectal cancer between 1960 and 2014. Furthermore, we performed joinpoint regression analyses to identify potential change points over the study period and to estimate the magnitude of the trends at each time segment.
Materials and Methods

Study Population
The cohort study used data from the Swedish Cancer Register, which was founded in 1958, and has almost complete nationwide coverage. 11 We identified all diag- 
Statistical Analysis
Age-standardized sex-specific incidence rate (AIR) and male-to-female IRR were used as the main incidence indicators. The AIR was calculated using the direct method and based on the standard age distribution of the Swedish population in the year 2000. Temporal trends of male-tofemale IRR were plotted according to the year at diagnosis and calculated separately using five-year time intervals: 1960-64, 1965-69, 1970-74, 1975-79, 1980-84, 1985-89, 1990-94, 1995-99, 2000-2004, 2005-2009, and 2010-2014 .
Age-standardized sex-specific five-year survival rate (ASR) and male-to-female SRR were used as the main survival indicators. The overall survival analyses were restricted to the period 1960-2009 to ensure all patients with CRC could be followed for more than five years. Survival was counted from the date of diagnosis until the date of death (from any cause) or end of follow-up (December 31, 2014), whichever occurred first.
The trends of male-to-female IRR and male-to-female SRR were evaluated using the joinpoint regression analyses. Analyses were performed using the log-linear model and allowed for a maximum of four joinpoints. Permutation Test was used to select the final model. The annual percent change (APC) was calculated from the slope of the loglinear model. Empirical Quantile method was used to calculate the 95% confidence interval. We further stratified the analysis by age at onset of CRC: 0-49 years, and 50 years or older. Data analyses were performed using Joinpoint Regression Program version 4.7.0.0 and SAS version 9.4 (SAS Institute, Cary, NC, USA).
The data that support the findings of this study are available upon request from the corresponding author. The data are not publicly available due to privacy or ethical restrictions.
Results
During the study period, a total of 66,229 patients were diagnosed with RCC (30, For all RCC patients, the male-to-female IRR increased steadily by an average of 0.4% per year until 1995 and decreased gradually ever since by an average of 1.0% per year (Table 2 and Supplementary Figure 1) . However, male-to-female IRR of the younger group increased gradually by an average of 0.7% per year throughout the period of analysis. For LCC, the overall male-to-female IRR increased gradually since 1974 by an average of 0.6% per year. For rectal cancer, the overall male-to-female IRR showed random fluctuations. Table 3 presents the overall ASR and the temporal trends of male-to-female SRR. The ASR of CRC in females was consistently higher than males throughout the period of analysis, irrespective of anatomical subsite. For RCC patients, the temporal trend of male-to-female SRR remained at a stable level during the whole study period (Table 4 and Supplementary Figure 2) . For LCC patients aged younger than 50 years, male-to-female SRR increased steadily by an average of 0.6% per year. Male-to -female SRR among LCC patients aged 50 years and older remained stable during the study period. For all rectal cancer patients, male-to-female SRR increased slightly by an average of 0.2% per year, as well as patients aged 50 and older.
Discussion
Using data derived from the nationwide Swedish Cancer Registry, which covered a period of more than five decades, giving us the unique opportunity to analyze the temporal trends of sex disparity in incidence and survival of CRC. Furthermore, we quantified the annual change by utilizing joinpoint regression analyses. Our results indicated that the temporal trends of sex ratio in incidence of different subtypes of CRC varied considerably during the study period and the observed sex bias varied according to the different age groups; this suggests that potential environmental factors that triggered the onset of CRC showed period-specific and age-specific patterns which may guide future studies exploring the underlying sex-specific mechanisms. In contrast, the temporal trends of sex ratio in survival of CRC remained stable during the study period. CRC was described as an anatomical site-specific heterogeneous disease since the 1990s. 12 Subsequent research has described the distinct differences in pathogenesis, genetic and epigenetic alterations, molecular pathways, immunology, and gut microbiota depending on the anatomical site of tumor. [7] [8] [9] 13 Environmental factors that contribute to the development of site-specific CRC were also reported. 10, 14, 15 The explanation of the observed sex differences concerning incidence of CRC can be divided into biological and environmental mechanisms. Biological hypotheses span over anatomy structure, genetic and epigenetic, and hormonal factors. It has been reported that certain genetic and epigenetic differences between sexes may determine colorectal cancer risk. The polymorphisms of ABCB1 differ significantly according to sex. 16 A British study from 2003 observed a significantly increased risk of CRC in males with the ε2/ε3 ApoE genotype. 17 CpG island methylator phenotype-high was associated with a higher incidence of female cecal tumors. 18 A population-based case-control study revealed that estrogen exposure is a protective factor against microsatellite instability (MSI) cancer in women. 19 This is reflected in that the lack of estrogen in older women increased the risk of MSI-high colon cancer. In the same study, hormone replacement therapy was associated with a reduced risk of unstable tumors. Environmental factors include dietary, obesity, diabetes, et al. The variation of sex ratio of CRC with time period should mainly be due to sex-specific environmental exposures over time. A meta-analysis indicated that obesity was only associated with an increased risk of rectal cancer in men; this increase was not found in women. 10 Meanwhile, increased body mass index (BMI) was more strongly associated with an increased risk of colon cancer than to rectal cancer. The BMI among the Swedish 21 The association between dietary factors and CRC varied by the location of tumors and sex. High carbohydrate intake increased the risk of RCC in women, but not in men. 22 Meat consumption, especially red meat, is associated with a higher risk of LCC and rectal cancer. The difference in survival rates between males and females could be attributed to genetic, hormonal, and environmental factors. BRAF mutation -an independent prognostic factor for CRC -was more frequently occurring in females compared with males. 24 In addition, males with LCC and rectal cancer did not benefit from adjuvant chemotherapy while females with RCC did. 25 Cancer screening can reduce CRC mortality by finding cancer at an early and treatable stage. 26 The five-year survival rate of CRC can reach 90% when detected at an early stage. CRC screening tests include six types of examinations; these can be divided into stool-based tests and structural examinations. 26 Meanwhile, randomized clinical studies using sigmoidoscopy as the primary screening test have demonstrated both a reduced disease-specific mortality and a reduced incidence of CRC. [27] [28] [29] One study showed that the prevalence of advanced LCC and rectal cancer was strongly reduced within a 10-year period after a colonoscopy procedure, but not advanced RCC, 30 due to the fact that proximal colonic tumors are mostly flat, while distal colonic tumors are polypoid-type that are more distinguishable. In addition, a study demonstrated that colonoscopy appears to be a technically more difficult procedure in women than men. 31 The rate of participating CRC screening tests is increasing for both men and women, although differences in screening use by sex have been documented. 32 A study has found that men are more likely than women to receive a CRC screening test, 2 which was consistent with our data that the male-to-female SRR was increasing in rectal cancer patients; this suggests the possible contribution by screening. One weakness of this study was the lack of information on known confounding factors such as alcohol consumption, dietary data as well as screening. Meanwhile, being an ecological study, it is not possible to investigate the causal relationships between the observed temporal trends and these relevant risk factors. Our study also has several strengths. We used 55 years of CRC incidence data from the Swedish Cancer Registry that has national coverage. Thus, our analyses had sufficient statistical power to assess temporal trends of sex bias by subsites and guarantee the accuracy of this study.
Conclusion
In conclusion, we found that the temporal trend of CRC showed a different pattern and the sex disparity of RCC, LCC, and rectal cancer varied by age at onset. The temporal variations of sex bias of CRC might be related to sex-specific exposures of environmental risk factors. Further understanding of the effect of modifiable environmental factors on CRC and sex-related exposure factors will be of vital importance. Although male sex is still associated with poorer survival, the gap of sex ratio of survival narrowed gradually, especially for rectal cancer. collection, analysis, and interpretation of the data; or in the preparation, review, or approval of the manuscript. The researchers were independent of the funding agencies.
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